Jeffery-Hamel flow is commonly used as an important model problem for investigating various aspects of engineering applications such as mechanical, aerospace, chemical, civil, environmental and biomechanical science. Flow through rivers, channels and blood flow where arteries and capillaries are linked to each other are some examples of these applications. The applications of the Jeffery-Hamel equations, particularly in fluid mechanics, chemical and aerospace engineering received more elaborations recently. A few precise applications are chemical vapor deposition reactors, high-current arc in plasma generators, expanding or contracting regions in industrial machines, gas compressors and pipe sections. The problem of investigating the thermal radiation on classical Jeffery-Hamel flow problem, where the convergent/divergent channels are subjected to stretching or shrinking, which has important influence in the application to aerospace science and industry. Jeffery 1 and Hamel 2 flows, describe the two dimensional, viscous, incompressible confined fluid flows between two planes at a specific diverging or converging angle. Rosenhead 3 presented a general solution in terms of elliptic functions for this problem. Exact solutions for the thermal distributions of this flow when Millsaps and Pohlhausen 4 found non-parallel plane walls held at a constant temperature. The importance of the study of Jeffery-Hamel problems comes from the fact that the fluid flow may be controlled by varying the intensity of the external magnetic field. The behavior of conducting fluids flowing in the presence of an external magnetic field is quite different than those when there is no magnetic field affecting the fluid flow 5, 6 . The classical view of Jeffery-Hamel problems with an external magnetic field on a conducting fluid is studied by using the intensity of the magnetic field as a control parameter 5, 6 . The study of stretching or shrinking sheets is an important area of interest because of its applications in many industries such as extrusion of polymer sheets from a die, the manufacturing of rubber sheets, glass fiber and paper production, etc. Crane 7 did the first research on this subject. The steady two dimensional stagnation point flow towards a nonlinearly stretching surface was investigated by Zhu et al. 8 . Turkyilmazoglu 9 considered the Jeffery-Hamel flow in stretchable convergent/divergent channels. His results indicate that stretching of the convergent and divergent channel amplifies the velocity profiles and an opposite effect in the case of shrinking resulting in back flow regions.
Mathematical Formulation
We consider the two dimensional MHD flow of an incompressible non-Newtonian Casson fluid from a source or sink between two stretching or shrinking walls. Angle between the walls is 2α. Where α < 0, α > 0 represent the convergent walls and divergent walls, respectively. Figure (1) shows the geometry of the MHD Jeffery-Hamel flow. The walls stretch/shrink at a rate s with radial distance of r and the velocity at the walls is: In Eq. (2), where μ B denotes the plastic dynamic viscosity of the non-Newtonian fluid, P y is the yield stress of the fluid, π is the product of the component of deformation rate with itself, namely, π = e ij e ij where e ij is the (i, j) th component of the deformation rate and π c is a critical value of this product based on the non-Newtonian model. We assume that the flow is purely radial and there is no magnetic field in the z-direction. The conservation laws of mass and momentum for this problem are:
ij B
Consider the previously mentioned assumptions, Eqs (2-4) reduce to: 
where, u is the velocity component in radial direction, p is the pressure, υ is kinematic viscosity, β = where, u c is the centerline rate of movement, u w is the velocity at the channel walls and s represent the stretching/ shrinking rate. From Eq. (5):
Using dimensionless parameters,
c By eliminating the pressure terms from Eqs (6) and (7) and then using Eqs (10) and (11), we obtain the following third-order nonlinear differential equation:
2 Subject to the boundary conditions,
where α is the angle between the two planes, β is the Casson fluid parameter and = 
c Values for skin friction coefficient, defined as:
The Adomian Decomposition Method
The Adomian decomposition method (ADM) was created by Adomian [29] [30] [31] [32] . The basic idea of the ADM for solving ordinary and partial differential equations is as follows. Assume a differential equation in the following form:
where G is an arbitrary operator. The operator G may generally be partitioned into two separate operators, the linear and the nonlinear operators as, The unknown function u(x, t) of the linear operator can be decomposed by a series of solutions 33 :
Where the solution components u n , n ≥ 0, is calculated by the recursive equations. The linear operator, in light of Eq. (18), should be written as:
n n 0 However, the nonlinear term, in Eq. (17), may be expressed as an infinite series using the Adomian polynomials as [34] [35] [36] [37] [38] [39] [40] : It is worth mentioning that Eq. (21) is obtained using the Taylor series expansion of the function u in vicinity of a function u 0 and not in vicinity of a point as is commonly used. Substituting Eq. (20) and Eq. (19) into Eq. (17) one may obtain the following,
n n n n 0 0
The components of u can be easily obtained by solving the recursive equations obtained from Eq. (22) .
Basic idea of the FTADM
Taking the Fourier transform of both sides of Eq. (22), we obtain
n n n n 0 0 where the Adomian polynomials, A n are: Using Eq. (23), we introduce the recursive relations as: 
Case Study of the Jeffery-Hamel problem
We solve the one-dimensional third-order nonlinear differential equation of the Jeffery-Hamel flow of non-Newtonian Casson fluid to demonstrate the effectiveness and the validity of the FTADM method, over the entire domain. The aforesaid equation in the one-dimensional case is written as:
2 Equation (27) is solved subject to the mixed set of Dirichlet and Neumann boundary conditions as:
Where, C is the stretching or shrinking parameter.
The FTADM as an accurate approximate analytic method. Taking the Fourier transform of Eq. (27), we obtain the following:
Where F stands for the Fourier transform. Using the method of integration by parts, the Fourier transform of each individual part in Eq. (29) takes the following form: Although the Neumann and Dirichlet boundary conditions are incorporated into Eq. (31), however we still need to obtain the value of f ″(0) in order to solve Eq. (31). We take the triple integral from the left side of Eq. (27) and taking into account the boundary condition f(0) = 1, one obtains 18, 19 : Using integration by parts, Eq. (32) may be rewritten as: Upon using the boundary conditions given in Eq. (28) and rearranging terms, we obtain the relation for f ″(0) as: where Tables  (1) and (2) it is clear that there is an excellent agreement between the present results (FTADM), the exact solutions and numerical results of Abbasbandy 5 . Table 3 shows comparison of the present results of velocity obtained from the FTADM with the numerical Runge-Kutta fourth-order results for convergent and divergent channels.
In addition, Fig. 2 displays comparison of the FTADM results and the numerical Runge-Kutta fourth-order results for Re = 10, α = 5°, β = 0.5, H = 800, C = 0 graphically. Our comparison shows excellent agreement with the numerical Runge-Kutta results. Table 4 gives a comparison of the convergence rate of the FTADM at different number of truncated terms (N) against the numerical approximations. The relative errors given in Table 4 , is evaluated as follow:
A reasonable trend of approach and excellent agreement of our solution with the numerical solution are evident. Table 5 shows a comparison between relative errors of analytical solutions obtained by the ADM and the FTADM methods. It is evident from Table 5 that for the same number of truncated terms (N = 6), the maximum relative error associated with the ADM is in the order of 10 −4 , while the maximum relative error associated with the FTADM is in the order of 10 . Figure 3 depicts the comparison of the errors of ADM with FTADM results of velocity for different recursive components. According to this figure, the errors associated with the FTADM are much less than the ordinary ADM. Table 6 Figures 4, 5, 6 and 7 demonstrate the effect of stretching/shrinking parameter on the fluid velocity profile in the convergent and divergent channel, respectively. It is clear that for stretching channel, velocity profile increases with the increasing of stretching parameter. In the shrinking channel, the velocity profile decreases due to an increase in the absolute value of shrinking parameter. In the case of stretching divergent channel, with increasing stretching parameter or increasing Reynolds number the velocity increases. This nonlinear increment in velocity is probably due to more drag force acting on the plate at large values of stretching parameter. Figures 8 and 9 depict the variations of the fluid velocity with an opening angle for stretching/shrinking divergent/convergent channels. According to these figures, the velocity profiles act as a decreasing function of opening angle for stretching/shrinking divergent channel. In the stretching/shrinking convergent channel, velocity profile increases with the increase of absolute value of opening angle. Figures 10 and 11 illustrate the effect of Casson fluid parameter on the fluid velocity profiles in the divergent and convergent channels, respectively. In the divergent channel, as the Casson fluid parameter increases the velocity profiles decrease significantly. On the other word, Fig. 10 shows that higher values of Casson fluid parameter have the tendency to decelerate the velocity of fluid flow. It is expected that an increase in Casson fluid parameter is used to decrease the stress that increases the value of dynamic viscosity, thereby produce a resistance in the fluid flow. It is interesting to mention that when the Casson fluid parameter increases indefinitely, the problem reduces to a Newtonian fluid case. In the convergent channel, an opposite behavior is observed. The effect of Reynolds number on the fluid velocity is shown in Figs 12 and 13 . The graphs show that in stretching/ shrinking divergent channels, as the Reynolds number increases the fluid velocity decreases. An opposite trend is seen for stretching/shrinking convergent channels, where the velocity is an increasing function of Reynolds number. • Our results show that in the case of stretching divergent channel, with increasing stretching parameter or increasing Reynolds number the velocity increases. This nonlinear increment in velocity is probably due to more drag force acting on the plate at large values of stretching parameter.
Conclusions

